Isolated injury to the renal pelvis following blunt abdominal trauma is very rare. However, a pre-existing renal abnormality will increase the risk of rupture. We present a 24-year-old man with rupture of the left renal pelvis following blunt abdominal trauma. He had pre-existing left ureteropelvic junction (UPJ) obstruction. Delayed computed tomography scan with excretory phase revealed contrast medium extravasation from the left UPJ, and left renal pelvis rupture was diagnosed. He was managed successfully with ureteral double-J stenting for 2 months.
Noniatrogenic injuries of the upper ureter and renal pelvis are rare, with the majority resulting from penetrating mechanisms [1] . Blunt injuries involving the ureteropelvic junction (UPJ) are relatively rare occurrences. Traditionally, this injury has been reported mostly in children [2] . However, a pre-existing renal abnormality is a risk factor for renal pelvic rupture [3, 4] . Accurate diagnosis of UPJ disruption following blunt abdominal trauma has been difficult. In almost half of the reported cases, the diagnosis was delayed [5, 6] . Most delays were attributed to failure in imaging the genitourinary tract, either because the severity of the injury was underestimated or because the patient was rushed to the operation room due to hemodynamic instability with imaging being omitted. We report a case of traumatic rupture of the left renal pelvis obstructed at the UPJ and discuss the diagnosis and management.
CASE PRESENTATION
A 24-year-old man with left UPJ obstruction had received surgical intervention in childhood, but the actual type of operation was not traceable. Left flank soreness was noted intermittently. After being involved in a motor vehicle accident, he was admitted to our emergency department. He complained of severe left flank pain but he was alert and well orientated. Gross hematuria and multiple skin abrasions were found. His blood pressure was 108/64 mmHg and his pulse was 104 bpm. Urinalysis revealed hematuria, with more than 100 red blood cells per high-power field. His hemoglobin and hematocrit were 16.7 g/dL and 48.9%, respectively.
Chest, skull and pelvic X-ray films were unremarkable. Abdominal sonography revealed left hydronephrosis and perinephric fluid collection. Computed tomography (CT) with contrast enhancement was performed and showed left hydronephrosis without parenchymal injury ( Figure 1A ). Delayed images obtained after 1 hour revealed extravasation of contrast medium from the left UPJ, and rupture of the left renal pelvis was diagnosed ( Figure 1B) . Plain abdominal X-ray taken 2 hours later also showed contrast medium leakage (Figure 2A) .
The patient was kept on strict complete bed rest. Double-J stent was implanted successfully on the next day and was removed 2 months later. Diuretic diethylenetriaminepentaacetic acid (DTPA) renal scan showed that the glomerular filtration rate of the left kidney increased from 32.8 mL/minute to 45.3 mL/ minute within 3 months. Follow-up CT and intravenous urography (IVU, Figure 2B ) were performed 2 months later and confirmed that there was neither perinephric fluid collection nor contrast extravasation. An Anderson-Hynes pyeloplasty was planned for a later date.
Figure 1. (A) Initial contrast-enhanced abdominal computed tomography (CT) on nephrogram shows left hydronephrosis but no contrast extravasation, and no parenchyma injury is evident. (B) One hour after the initial contrast-enhanced abdominal CT, repeat CT shows contrast extravasation from the left ureteropelvic junction.

Figure 2. (A) Plain abdominal X-ray (standing view) 2 hours after the initial computed tomography scan shows obvious contrast extravasation (arrow). (B) Follow-up intravenous urography 2 months after the trauma confirmed that there was no contrast extravasation.
A B A B L R
DISCUSSION
Renal injuries occur in approximately 10% of patients who sustain blunt abdominal trauma, and 60% of the major renal injuries are associated with lesions to other abdominal systems [7] . Genitourinary anomalies are thought to increase the risk for blunt renal trauma related genitourinary injury. The most common preexisting anomalies are cyst and tumor, horseshoe or ectopic kidney, and hydronephrosis [3] . However, injury of the renal pelvis attributed to a blunt mechanism is exceedingly rare [2, 8] . Such injuries of the UPJ and renal pelvis are more common and severe among children than adults [3, 4] . Rupture of congenital UPJ obstruction is thought to be more likely because of hyperextension associated with rapid deceleration or falls from higher than 20 feet [5] . Moreover, UPJ hydronephrosis is a high-pressure system and blunt abdominal trauma would increase the pressure within the hydronephrotic renal pelvis and cause rupture. This situation may amplify the force of the impact, thereby increasing the concentration of stress at the outer surface of the kidney, resulting in a higher probability of tissue rupture [9] . Accurate diagnosis of renal pelvic rupture or UPJ disruption following abdominal blunt trauma has been difficult and a delay in diagnosis of 36 hours or longer has been reported in more than 50% of patients [5, 8] . McGinty and Mendez reported that delayed recognition of ureteral injuries resulted in a 32% nephrectomy rate compared with a 4.5% nephrectomy rate when these injuries were detected earlier [6] . Boone et al found that the majority of patients with UPJ disruptions had histories of rapid deceleration injuries and the presence of at least one of the following four associated findings: microscopic hematuria with shock; gross hematuria; direct flank tenderness/ ecchymosis; multisystem trauma [5] .
Ultrasonography may provide important information on a renal injury. Ultrasound findings in cases of isolated ureteric avulsion usually reveal clear fluid collection next to the renal pelvis, with intact parenchyma. However, ultrasonography done very shortly after trauma or in patients with shock and poor renal perfusion may show no or very little fluid collection, and thus, the accurate diagnosis can be missed [10] .
CT scan of the abdomen is the most sensitive radiologic staging technique that accurately assesses injuries of the kidney, the excretory system, and other abdominal organs [7] . The constellation of good renal contrast excretion with extravasation of contrast into the medial perirenal space with an intact calyceal system and nonvisualization of the unilateral ureter is virtually diagnostic of complete or partial UPJ disruption [11] . However, CT may miss up to two thirds of UPJ or renal pelvic injuries on initial trauma survey, especially if the scans are timed inappropriately [11] . Titton et al reported that delayed phase CT scans (obtained 5-20 minutes after contrast material injection) are optimal for demonstrating ureteral urine leaks [12] . In addition, fluid collection around the renal hilum or in the perirenal space with normal perfusion on the nephrographic phase of scanning should suggest the presence of a UPJ disruption, and delayed scanning should be used to either exclude or confirm the diagnosis. In our case, renal pelvic rupture was diagnosed in the delayed film with an excretion phase image obtained 60 minutes after contrast injection. Therefore, standard CT protocol should include nephrographic, arterial and excretion phase images to obtain the entire spectrum of images of the collecting system.
The aim of management is to prevent mortality, conserve the kidney, and reduce immediate and longterm morbidity. Primary pyeloplasty at initial presentation has been performed for traumatic renal pelvic disruption [8] . However, another study reported that immediate surgery for hematuria after blunt renal trauma resulted in a high nephrectomy rate [13] . Also, the resultant injury can be classified as partial or complete. Partial injuries can often be managed successfully with stenting for 6-8 weeks [11] . Our patient was managed effectively by ureteral stenting and improved renal function was noted after 2 months of follow-up. Furthermore, a dismembered pyeloplasty is needed for definitive surgical management of the UPJ obstruction.
In conclusion, isolated renal pelvic rupture in a congenitally obstructed kidney is rare. This injury should be suspected in patients who have been involved in high velocity blunt trauma and who present with microscopic hematuria with shock, gross hematuria, direct flank tenderness/ecchymosis, or multisystem trauma. The presence of perinephrotic fluid collection, normal parenchyma and hydronephrosis on ultrasound examination is highly suspicious for UPJ avulsion. Contrast material-enhanced CT with delayed imaging should be performed to accurately diagnose renal pelvic rupture since contrast extravasation may not be present in the initial (nephrographic phase) CT scan. Delayed films added to the initial CT are advised to reduce the possibility of missing a UPJ disruption. Once the diagnosis is established, the injury can be managed successfully with retrograde ureteral stenting, and subsequent surgical reversal of the obstruction is warranted. 
